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Attorney's Docket No. 7401 19-124 
IN THE UNITED STATES DESIGNATED/ELECTED OFFICE 

In re Patent Application of 
Erik Albert JENSEN . 

International Application No,: PCT/DK99/00579 
International Filing Date: October 22, 1999 
For: A VIDEO OUTPUT AMPLIFIER 



Group Art Unit: Unknown 
Examiner: Unknown 



PRELIMINARY AMENDMENT 

Conamissioner for Patents 
Washington, D.C. 20231 

Sir: 

Preliminary to calculation of the filing fee and examination of this application, please 
amend the above-captioned application as follows: 
IN THE CLAIMS: 

5. (Amended) A video output amplifier according to claim 1, characterised in that a 
continuing series of fast and strong dynamic intensity variations activate dynamic control 
current limiting means for one or both output transistors (TR2, TR3). 

REMARKS 

The amendment to claim 5 is to amend the multiple dependency. 
Also attached is an Abstract. 

Respectfully submitted, 




David S. Safiran/ 
Registration No. 27,997 



NIXON PEABODY LLP 
8180 Greensboro Drive, Suite 800 
McLean, Virginia 22102 
(703) 790-9110 



Date: April 23, 2001 



International Application No, PCT/DK99/00579 

Docket No, 740119-124 
Page 2 



AMENDED CLAIM 

5. (Amended) A video output amplifier according to [any of the above claims] claim 
L, characterised in that a continuing series of fast and strong dynamic intensity variations 
activate dynamic control current limiting means for one or both output transistors (TR2, 
TR3). 
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Abstract 



Output amplifiers for driving picture tubes need to 
provide a high slew rate, and traditional class-A amplifiers 
have a high quiescent power consumption because of the high 
supply voltage combined with the necessary high quiescent 
current. According to the invention, the quiescent current is 
constituted mainly of the DC feedback current in the output 
device {TR3) , and its control electrode is driven by means of 
a transistor (TRl) , whose base has a reference potential, and 
whose emitter receives the static component of the control 
signal for the picture tube. In one embodiment the quiescent 
power consumption is 10-15% of that a corresponding class-A 
amplifier, and the required cooling means may be considerably 
reduced. 
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A^video outpu t ©mirfa5r__ Am^wlcd texi 12 October 2000 

The invention relates to a video output amplifier for conversion of an intensity signal, 
consisting of a static and a dynamic component^ into a control voltage for an electron 
5 gun in a cathode ray tube, comprising a first voltage supply with a voltage 

commensurate widi the operating characteristics of the cathode ray tube, an input 
terounal for the video signal and an output terminal for the control voUage^^and a 
linear amplification stage for at least the static component of the \ideo ^gnal^ 
consisting of a first transistor, a linear push-puU amplifier stage for the fast dynamic 
1 0 components of the video signal consisting of said first transistor and a second 

tran^$tor» and a third transistor &ir elevating the static component of the video signal 
from a voltage level corresponding to the input to that of the first supply voltage, and 
|r" a feedback resistor It is a purpose of the invention to provide a ^^deo output amplifier 

!K3 of this type in \which the power loss is reduced considerably in comparison to known 

lOi 1 5 constructions in order that particular cooling means* such as cooling fins, may t>e 

avoided. 



Cathode ray tubes {CRTs) are in general use in television receivers as well as in 
monitors for computer installations or personal computers, and video output 

20 amplifiers are used for drivif^ such CRTs. Video out|K2t amplifiers are known and in 
practice comprise an output stage, the output terminal of which delivers a control 
voltage which is intended to control an electron beam in a CRT by modulating a 
suitably high voltage on the cathode. The bandwidth of the output signal is up to 5 
MHz in generally known drcutts for television. Discussions regarding television in the 

25 present text may be directly transferred to monitors and other equipment with a 
cathode ray tube. 



The control voltage may be divided into two components: a static or only slowly 
varying component which contains the momentarily static intensities and slower 
30 intensity variations, and a dynamic component which contains the &st intensity 
variations. The input signal to the video output amplifier is provided by a signal 
processing circuit with output voltages in the range from +1 V to +6 V, while the 
output signal from the video output amplifer correspondingly is in the range + 1 50 V 
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to +50 V which means that a video output amplifi^ for use m connection with 
television must have a supply voltage in the range +200 V. The fastest intensity 
variations in the output signal arc ca. 1 00 V and occur in the course of ca. 100 ns 
which that a video output amplifier must be capable of delivering feiriy large 
5 capacitive currents to the stray capacitances which load the output terminal wWch in 
its turn requires the quiescent current in amplifiers with class A output stages to be 
comparatively high. 

The power loss in a class-A output stage is high. The comparatively high quiescent 
10 current combined with the high supply voltage cause the total power loss in the 

output stage to be high, and it becomes necessary to utilise external cooling means, 
such as cooling fins. In case the bandwidth of the video signal increases to e.g. 10 
MHz, which is necessary in flicker-free television, where the deflection firequency is 
doubled, the power loss is correspondingly increased in a class-A output stage, and it 
1 5 is hence still more desirable to reduce the quiescent current in the output stage. To 
this end one may use e.g, a class-B output stage where an improvement may be 
obtained. One measure of the improvement may be the degree of increase in the 
proportion between the bandwidth of the \adeo signal and the power loss of the video 
output amplifier used, and in class-B there is in practice obtained a halving of the 
20 power loss for a given bandwidth. Another measure of the improvement may be 

expressed as the reduction of the area below a curve which represents power drained 
from the voltage supply during a prescribed time fiinction for the driving. 

Circuits for the control of a CRT have been described in a series of articles in the 
25 German monthly FUNKSCHAU under the general title "Schaltungen zur Ansteuerung 
der Farbbildr5hre", Part 1 (No. 21, 1987, p, 60), Part 2 (No. 22, 1987. pp. 83-86), 
Part 3 (No. 23, 1987, pp, 53-56). The amplifiers described are linear class AB and 
class B amplfiers. However, the known class AB output stages stiU have to use a 
considerable quiescent current, which only reduces the power loss to 50% with 
30 respect to a corresponding class A stage. The known class B output stages need a 
clamp function (a high vohage pulse has to be provided) to maintain the bias voltage 
for the upper output transistor, and this complicates the circuit considerably. 
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In US-A-4,293,875 there is described a digital circuit using few components for the 
coittrol of a CRT v^w supplied with grapWc or dot-matrix rignals. This drcuit will 
not provide gray lev^s unless assisted by a complex modulator circuit and it cannot 
be feed-badk ocmtrolled. 

S In certain and normally unde^rable signal situations, such as noise from an empty 
television channel^ the dynamically caused power losses in cl&ss*B may increase 
considerably, which together with the required increase in band>^^dth cause even such 
solutions to require special cooling means. It is hence the purpose of the invention to 
provide an amplifier drcuit which displays considerably reduced quiescent power 

10 losses in comparison to known constructions, in order that special cooSng means may 
be avoided. 

Hus is obtained in a particular manner according to the invention as described in the 
dmracterising part of daim 1 . Thereby it is in particular obtained that the power loss 

IS is reduced because a pan of the quiescent current is constituted by the current which 
must run anyway in the feedback reastor. The expression "essentially directly*' is to be 
understood such that there may be one or more drcuit el^nents provided between the 
emitter and the source for supply voltage, e.g. for linearisation or frequency 
compensation. Furthermore the invention may be realised by means of any ampli^ing 

20 element which is suitable for the particular frequency range^ such as an FET, a 
MOSFET or sitmlar, where "base** is in general to be understood as "control 
electrode". 

An advanugeous embodiment is particular in that the ba$e of the output transistor is 
25 driven via the collector of a fortber transistor, the base of which is connected to 

reference vohage at a low voltage level, and the emitter of which is supplied with the 
static component of the control signal as a current from a driver amplifier. Hereby it is 
obtained that the control signal for the static component is lifted to the correct base 
bias voltage for the output transistor. The dynamic component is predominanUy 
30 supplied via a couplmg capadtor 

A iurther particular embodiment is characterised in that the operating point for the 
fiirther transistor is adjusted so that further to the static component it additionally 
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supplies rectified 6ynzxmc components to the base of the output transistor for the 
control of its dynamic output current for charging any stray capacitances present. 
Thereby it is obtained that the rectified dynamic components ivluch would otherwise 
have lieen supplied via C4 do not cause a reversal of the charge of C4 which would 
otherwse manifest iteelf as long streaks following image sequences with many fes^ 
contrast jumps. 



A fuillier particular embodiment is characterised in thni a aecun^ gutput transistor is 
driven in such a way that the discharge current is drawn out of stray capacitances 
10 present during negative jumps in the dynamic signal component. The second output 
transistor is biased such that it does not draw any appreciable quiescent current. 

in particular the large dixlbtsfw between peak power und quie&e^nt power may 
necessitate the use of a power limitiag circuit, because a video signal whioh contains 
1 5 many contrast jumps, sudi as white noise on the input terminal, would be able to 

overload a circuit which due to the large power savings according to the invention has 
been made less bulky and with weaker cooling means. Ordinary signals would not be 
influenced by such a power limiting circuit. Hence a further embodiment is particular 
by the characteristics ^vcn in cladm 5. 

20 

The invention wiH be described in greater detail in the following with reference to the 
drawing, in which 

Fig, i is a schematic block diagram for video circuits comprising an output amplifier 
25 with a high supply voltage according to prior art, 

fig. 2 shows an embodiment according to the invention. 

Fig. 3 shows an embodiment with a changed driver stage and an output buffer stage, 

30 

Fig. 4 shows a test signal which has been used to determine the power consumption in 
different amplifier constructions. 
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Fig. S shoivs the modetUns of die power consumption Stom the voltage ^pply to a 
known construction based on a da&s- A amplifier, and 

Fig. 6 shows the modeliing of the power consumption for a construction according to 
5 the invention. 

In Fig. 1 is shown a block diagram for a part of a television receiver or video monitoi. 
In btock I those signals are processed which are to drive the individual electron guns 
in a CRT, There are diree output tenninals corresponding to the three colours of 
1 0 phosphor which are to be activate, and Mch output temrinal is controlled as to 

instantaneous light intensity. We are dealing with a signal which gives extremely fest 
transients with respect to slowly varying base levels, as one particular dot of phosphor 
on the screen may be totally black while its neighbour on the same tine may have full 
intensity, 

15 



Amplification of the signals for use at the CRT in block 3 occurs b three identical 
video output amplifiers 2 to the colours R, G, and B. In the present embodiment for 
the prior art the CRT is driven at the cathode^ but with suitable bias voltages and a 
phase reversal of the output signal it can equally be a control grid which is driven. 

20 H^e only the conditions pertaining to the colour G will be described. The G signal 
from the circuit 1 is taken to the base of the driver transistor DTr which obtains its 
current from a low voltage supply. From the enutter an in-phase signal is taken to the 
output transistor TR which obtains it current supply from a relatively high voltage via 
a coDcaor resistor Rc, corresponding to the requir^ents of the CRT. The local 

25 compon^ts required by a practical circuit for adjusting the operating point of the 

driver transistor are not shown. The operating range of the video output amplifier is in 
practice adjusted by an adjustment by means of an adjustment in the signal processing 
circuit in block 1, in the form a manual "cut-oS" adjustment during manufacture or by 
mearts of a control loop so that it corresponds to the CRT used. In this construction 

30 both the DC or slowly varying component and the hi^ frequency content are 

transferred. When the amplifier in the active mtge of the CRT must be both linear and 
have a large bandwidth, the transistor TR is driven in class- A. This causes a quiescent 
current which is large according to the circumstances^ and in combination with the 
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high voltage droop across the output stage thb causes a high quiescent power 
consumption • in practice for this type of output amplifier ia the order of 2 W in case 
of typical television image information. 

5 In Fig. 2 is se&i an embodiment of the invention in the form of a G video output 
amplifier comprismg the supply voltage indicated as 200 V, an input terminal and an 
output tenninal for driving the CRT. The input signal is fed via a summing resistor R2 
to the positive terminal of a voltage follower ICl, which i,a, provides a low 
impedance driver stage for the output transistor XR3 via the coupling capacitor C4. 

10 Simultaneoudy ICl is ftlso the driver stage for the dynamic component to TR2, IC] 
receives its power from a low volt^e supply which is not shown. The emitter of 
transistor TR3 is connected directly to the voltage supply^ and the output voltage is 
taken from the collector. The same signal is taken to negative feed-back via the 
resistor R3 to the point of summation on the positive input ttminal of the voltage 

15 follower ICl . From in AC point of view the supply voltage is at signal ground^ and 
the transistor TR3 may hence dynamically be seen as a "grounded emitter'*, The 
tranastor TRl converts the output voltage from the driver stage ICl into a control 
current which is taken to the base of transistor TR3. As the voltage on the output 
terminal of the voltage follower ICl is largely identical to the voltage at the 

20 summation point on its input terminal, which contains the negatively fed-back signal, 
the operating point of TR.1 may be adjusted by means of R8 and RIO^ so that the 
control current contains both the static control cunrent and the rectified part of the 
dynamic control current required by TR3, whereby non-intended reversals of charge 
of C4 are avoided, 

25 

The output traasistor TR3 delivers the required DC current to maintain the DC 
potential on the output terminal, furthermore TR3 delivers the charging current to the 
stray capacitances (in the order of 1 5 pF) during positive voltage steps^ t>ecause it 
draws the discharge current out of the stray capacitances. This construction has bean 
30 used rather than a pas^ve connection to ground, because the quiescent current may 
then be kept at a low value in the order of 1 mA, while the charge reversal current to 
the stray capacitances may reach IS mA, TR2 is provided with a signal from the 
driver stage ICl via the coupling capacitor C3, Dl, R17 and R18 establish a 
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temperature compensated bias on tiie basis of TR2, The bias and R1 S are determined 
so that the quiescent current in TR2 is maintained in the order of 1 mA mentioned and 
such that the bias on the base of TR2 may be influenced in the n^ative direction by 
the increa^g control current which appears during many fast intensity variation^. 
Thereby the control current to TR2 is iunited and hence the dynamically determined 
power losses in order that no need for special cooling nseans arises. C3 is adjusted so 
that the time constant for the power limiting becomes large enough so that short 
series of fast intensity variations within a frame do not cause limiting. In practice the 
skilled person will fit linearising resistors in suitable places as well as current limiting 
resistors. Furthermore, a practical circuit would comprise a cut-ofF control loop, the 
function of which does not interfere with the present invention. 

ICI may advantageously be connected so that it provides a given voltage 
amplification, which gives a pos^bility of elevatirg the upper cut-off frequency of the 
1 5 video output amplifier. 

In Fig, 3 is $0&a a video output amplifier according to the invention which is 
essentially identical in Its function to that described with respect to Fig. 2. The 
difference is that the voitage follower IC 1 is replaced by the emitter follower TR6 
20 with the emitter resistance R4, and that there is added a buffer stage in the output 
consisting of the two transistors TR5 and TR4 with the zener diode D2- Furthermore 
there is shown a connection BCFB for beam current feedback. 

In case the requirement for amplification and bandwidth is moderate it is sufficient to 
25 use an emitter follower TR6 as ^ driver. With an increase in the requirements it may 
be advantageous to use a discrete transistor amplifier with a certain voitage 
amplification as a driver in stead of the emitter follower TR6, and it may be fiirther 
advantageous to comprise a limiter fimction in the trai^fistor amplifer in such a way 
that the control current for TR3 is limited in the same way that the control current to 
30 TR2 is limited^ cf the description concerning Fig. 1, 

It may be advantageous to include a buffer stage in the output of the amplifier, in 
particular if there is already a cut-off transistor, In that the dynamic pow^ losses may 
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be distributed among foiir tninsistor^ rather than among only two. In the drcuit of 
Fig. 3 TR4 flmctions as a cut-off transistor most of the time, whw the riowly vaiying 
beam currents from the CRT are taken through Tfl4 lo the video signal processing 
circuit via the teanind marked BCEB. During fast intensity variations TR4 functions 

5 as a buffer, because a part of the atray capadtances are discharged via TR4 and D2 to 
ground. The zener vohage on D2 is chosen such that the beam current is fed to the 
video signal processing drcuit and not to ground. It is obvious that other voltage 
limiter circuits may pcrfonm the same &ncttoa TR5 is without current most of the 
time but it acts as a buffer during &st positive intensity variations where it chains a 

10 part of the stray capacitances. 

In Fig. 4a is seen a test signd which is used in modelling a 5 MHz amplifien The 
signal consists of two pulses with risetimes of ca. 100 ns, In that the pulses start from 
black and reach 50% and lOOVt maximum signal The total duration of the test ^gnal 
15 is ca. 3,5 {xs, and it may be provided repetitively from a signal generator. The voltage 
amplitude on the input is 1 V and 2 V, respectively. The corresponding output signal 
is shown in Fig. 4b and goes from an output voltage of 1 60 V and falls during the two 
pulses to 1 10 V and 55 V, respectively. The signal is hence in reverse phase with 
respect to the input signal and is intended for cathode control of the CRT. 

20 

In Fig. 5 is shown the power consumption from the voltage supply of a 5 MHz outjXit 
stage in class-A during the pulses, and it will be noted that the quiescent power is I W 
(black), and that the power consumption rises to 2 W (50% intensity) and 3,5 W 
(max. intently) during the pulse cycle. As a measure of the power consumption it 
25 may be judged that the area below the curve is 6.5 jiWs, i.e. the energy conajmed 

during a pulse cycle. The power taken from the low voltage power supply is not taken 
into confflderation. 

In Fig, 6 is similarly shown the power consumption from the voltage supply of a 5 
30 MHz output stage according to the invention. It is seen that the quiescent power 
consumption is ca. 0.25 W and that the power consumption is very low during the 
whole cycle, except where the output voltage (Fig. 4b> is intraded to rise with a steep 
fiank towards the quiescent value. Hereby power surges of 1.7 W and 3.2 W, 



AMENDED SHEET 



'1 3- 1 0-2000 13/10 ' 00 19:41 PI- DK 009900579 



9 

respectively, are obtaitied. These peaks are hence up to 12 times the quiescrat power 
consumption. The area below the curve may be judged to be 0.3 |iWs» i.e. an 
improvement of nK>re than 20 times with respect to prior art expressed as a class«A 
stage. In a practical amplifier 8-10 limes may be obtained. The power taken from the 
5 low voltage power supply is not taken into consideration in this case either. 

\ideo output amplifiers according to the invention wiE be suitable for integmtion due 
to the smalt power con^mption. 
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P ATENT CLAIMS 



1 . A video output an^Iifier for conversion of an intenshy signal, consisting of 
a static and a dynamic con^onent^ into a control vohage for an electron gun in a 

5 cathode ray tube, comprising a first voltage supply with a vohage commensurate with 
the opOTting characteristics of the catiiode ray tube, an input terminal for the \ideo 
SLgnal and an output tenninsi for the control voltage,.and a linear amplification stage 
for at least the static component of the video signal^ consisting of a first transistor 
(TR3X ^ linear push-pull amplifier stage for the &st dynamic components of the video 

10 signal consisting of said first transistor (TR3) and a second transistor (TR2), and a 
third transistor {TUl) for elevating the static component of the video signal from a 
vohage level correspondii^ to the input to that of the first supply voltage, and a 
feedback resistor (R3), characterised in that the emitter of the first 
transistor is connected essentially directly to the first voltage supply, and that the base 

IS is driven by the static component of the video signal at a level adapted to the supply 
voltage, and in that the collector load for the static component of Ae \-jdeo signal is 
essentially constituted by the feedback resistor (R3). 

2. A video output amplifier according to claim 1, 

20 characterised in that the base of the third transistor (TRl) is connected to a 
reference voltage (Vref) at a low voltage level, and that the emitter of said th ird 
tryisistor is supplied with the static component of the control signal as a current firom 
a driver amplifier (ICI, TR6). 



25 3. A video output amplifier according to claim 2. 

characterised in that the operating point for the thW tran^^stor (IRl) is 
adjusted so that further to the static component it additionally supplies rectified 
dynamic components to the base of the output transistor (TR3) for the control of its 
dynamic output current for charipnj^ any stray capacitances present. 
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II 

4, A video ou^t ampllfia- according to claim 1, 
characterised in that the second output transistor {TR2) is driven in such a 
way that the discharge currmt is drawn out of stray capacitances present during 

S ne^ttve jumps in the dynamic signs] component. 

5. A video output ampiiSer according to any of the above d^ms, 
characterised in that a continuing series of &st and strong dynamic 
intently variations activate dynamic control current Kmtttng means for one or both 

1 0 output transistors (TR2, TR3). 
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